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INTRODUCTION 

The app l i ca t ion  of molten z inc  c h l o r i d e  c a t a l y s i s  t o  t h e  hydrocracking of PO y 
nuc lea r  hydrocarbons, c o a l  e x t r a c t  and coa l  was d iscussed  i n  two previous  papers 
The z inc  ch lo r ide ,  however, is not a c a t a l y s t  i n  t h e  chemical sense s ince  it  is  p a r t i a l l y  
des t royed  by reac t ion  wi th  t h e  N and S impur i t i e s  i n  t h e  hydrocracker feed .  When coa l  
i t s e l f  i s  used f u r t h e r  compl ica t ions  a r i s e  due t o  r eac t ions  with some of t h e  inorganic 
components i n  the  coa l  ash .  

j 

A commercial process u t i l i z i n g  molten z i n c  c h l o r i d e  c a t a l y s i s  must provide a viable  
scheme f o r  regenera t ion  of t h e  c a t a l y s t .  

Two schemes f o r  us ing  t h e  c a t a l y s t  were d iscussed  i n  a previous paper, i .e . ,  with , 
and without t h e  concomitant a d d i t i o n  of z inc  oxide accep to r .  

The following r e a c t i o n s  occur  when no accep to r  is  added: 

ZnC1, + H,S = ZnS + 2 HC1 (1) 

ZnC1, + NH, = ZnCl,-NH, (2) 

ZnCl,.NH, + HC1 = ZnC1,.NH4C1 (3) 

The a d d i t i o n  of z inc  oxide  acceptor  e l imina te s  r e a c t i o n  (3) and in t roduces  a new reac t ion  

ZnO + 2 HC1 = ZnCl, + H,O (4) 

The p resen t  paper w i l l  d i s cuss  only  t h e  r egene ra t ion  of t h e  c a t a l y s t  f o r  t he  non- 
acceptor  case .  The acceptor  case w i l l  be d iscussed  i n  a s epa ra t e  paper.  

The m e l t  l eav ing  t h e  hydrocracker thus,  i n  genera l ,  w i l l  con ta in  i n  add i t ion  t o  
ZnClz t h e  following compounds: ZnS, ZnCl,.NH, and ZnC1,'NH4C1. The a d d i t i o n  compounds 
between z i n c  ch lo r ide  and NH, and NH4C1 a r e  w r i t t e n  a s  t h e  1/1 adducts no& because they 
n e c e s s a r i l y  e x i s t  a s  such i n  t h e  melt bu t  f o r  convenience of d i scuss ion .  The r a t i o  Of 
t h e  NH,C1 t o  the  NH, adducts i s  dependent on t h e  ra t io  of N t o  S i n  t h e  feed .  
moles of s u l f u r  i n  t h e  hydrocracker f e e d  i s  equal  t o  or g r e a t e r  t han  one-half t h e  moles 
of n i t rogen ,  s u b s t a n t i a l l y  a l l  of t h e  NH, w i l l  be p re sen t  as t h e  NH4C1 double s a l t .  

Where t h e  

Regeneration of t h e  mel t  comprises removal of t h e  bulk of t h e  s u l f u r  and n i t rogen  
and r e t u r n  of  t h e  m e l t  a s  r e l a t i v e l y  pure z i n c  ch lo r ide .  

From t h e  economic po in t  of  view it would be d e s i r a b l e  t o  recover  t h e  s u l f u r  i n  t h e  
form of elemental  s u l f u r  and t h e  n i t rogen  a s  ammonia such t h a t  c r e d i t s  f o r  t h e s e  ma te r i a l s  
would p a r t i a l l y  defray t h e  r egene ra t ion  c o s t .  

I n  a d d i t i o n  t o  t h e  ino rgan ic  impur i t i e s  i n  t h e  spent  melt ,  t h e  m e l t  conta ins  organic 
i m p u r i t i e s  which cannot be d i s t i l l e d  out  of t h e  m e l t .  The organic r e s idue  i t s e l f  can be 
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d iv ided  i n t o  two p a r t s ,  one so lub le  i n  MEK and t h e  o t h e r  i n s o l u b l e .  The f i r s t  p a r t  is 
l a r g e l y  c o n v e r t i b l e  to  d i s t i l l a t e  o i l  on recycle whi le  t h e  l a t t e r  i s  mostly unconvert- 
i b l e  and can be regarded a s  semi-coke. The r egene ra t ion  process  t h u s  must i n  add i t ion  
remove t h e  organic  r e s idue  from t h e  melt be fo re  i t  can  be recyc led ,  coked o r  otherwise 
processed .  

The r eac t ions  which a r e  involved f o r  s p e c i f i c  components of t h e  spent  mel t  a r e  
l i s t e d  below. 
they  were formed, i.e., reactions (11, (2) and (3) above. 
number of  t h e  r e a c t i o n  is primed. 

Most of t h e s e  reactions involve  simple r e v e r s a l  of t h e  r e a c t i o n s  by which 
Where t h i s  is t h e  case  t h e  

Regenera t ion  of Zinc S u l f i d e  

Z& + 2 HC1 = ZnC12 + H2S (1') 

Regeneration of Ammonium Chloride-Double S a l t  

ZnCl2.NH4C1 = ZnClz-NH3 +HC1 

Regeneration of ZnC12-NHS 

ZnCl,.NH, = ZnC1, + NH, 

. .  
I 

(3') 

ZnC12-NH, = ZnC1, + 1/2 N, + 3/2 H, (5) 

I t  i s  t h e  purpose of t h i s  paper t o  p re sen t  thermodynamic and o t h e r  d a t a  bear ing  
on t h e  f e a s i b i l i t y  of t h e  p a r t i c u l a r  regenera t ion  scheme shown. The d a t a  on t h e  
ind iv idua l  process  s t e p s  involved a r e  presented .  The i n t e g r a t i o n  of  t h e  ind iv idua l  
process  s t e p s  i n t o  t h e  o v e r a l l  scheme i s  a l s o  given. 

EXPERIMENTAL 

Equipment and procedures f o r  hydrocracking of coa l  e x t r a c t  wi th  z i n c  ch lo r ide  
c a t a l y s t  have been given previous ly .  ('1 

Figure  1 shows t h e  appara tus  used t o  determine t h e  e q u i l i b r i a  i n  t h e  decompositi n 
of t h e  z i n c  chloride-ammonium c h l o r i d e  double s a l t .  A f low system w a s  used with n i t rogen  
pass ing  slowly through a molten bed of ZnCl, + NH4C1 and t h e  e x i t  gas  being analyzed f o r  
HC1. A number of po in t s  taken  over a pe r iod  r e s u l t e d  i n  curves of HC1 p a r t i a l  p ressure  
versus  t h e  ex ten t  of NH4C1 decomposition. 

The z inc  ch lo r ide  and ammonium ch lo r ide  used were F i s h e r  S c i e n t i f i c  Co. C e r t i f i e d  
Reagents. The z i n c  c h l o r i d e  was 98 percent pure, t h e  impur i t i e s  be ing  water  and z i n c  
oxide .  This  ma te r i a l  was p u r i f i e d  at t h e  s t a r t  of each run by hea t ing  t o  425'C i n  a 
flow of  p u r i f i e d  n i t rogen  t o  remove water, and then  pass ing  anhydrous HC1 through it 
f o r  two hours t o  convert  ZnO t o  ZnC1,. This  was followed by a n i t rogen  purge of 12  t o  
36 hours t o  remove excess HC1 from t h e  m e l t .  The n i t rogen  used was p u r i f i e d  by passage 
through hot copper, Asca r i t e ,  and magnesium pe rch lo ra t e  t o  remove t r a c e s  of oxygen, 
carbon d ioxide  and water.  

A f t e r  pu r i fy ing  t h e  z i n c  ch lo r ide ,  t h e  r e a c t o r  tempera ture  was lowerqd t o  343OC to  
minimize t h e  poss ib l e  l o s s  of HC1 when adding NH4C1 through a long s t e m  funnel  i n s e r t e d  
i n  t h e  s t i r r e r  annulus (3 seconds r e q u i r e d ) .  The r e a c t o r  was then  brought t o  t h e  
d e s i r e d  tempera ture  with a low flow of n i t rogen  (1 ml/min). 
was c o n t r o l l e d  t o  f 2OC and t h e  n i t rogen  r a t e  r a i s e d  t o  t h e  o p e r a t i n g  flow of 4.7 
f 0.2  cc/min (STF'). 
t h e  molten bed as shown by i d e n t i c a l  r e s u l t s  a t  f lows between 4.7 and 12 cc/min and 
s t i r r i n g  r a t e s  from t h e  3100 rpm used down t o  as low a s  1500 rpm. The gas  from the  
r e a c t o r  passes  through a c a u s t i c  t r a p  and is  c o l l e c t e d  i n  a b o t t l e  by water displacement.  
Two recovery t r a i n s  u s e d  a l t e r n a t e l y  allow continuous c o l l e c t i o n .  

The d e s i r e d  temperature 

The n i t rogen  gas  reaches equ i l ib r ium HC1 con ten t  i n  pass ing  through 
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The 0.1 or 1.0 N c a u s t i c  used i n  t h e  t r a p s  is  t i t r a t e d  a f t e r  use with 0.1 or 1.0 
N HC1 u s i n g  methyl r e d  i n d i c a t o r .  Caus t ic  t r a p s  a r e  used even during l i n e o u t  per iods 
so t h e  amount of  NH4C1 remaining i n  t h e  m e l t  can b e  a c c u r a t e l y  c a l c u l a t e d .  

I 

C o l l e c t i o n  of the e f f l u e n t  n i t r o g e n  i n  b o t t l e s  allowed accura te  measurement of flow 
rates us ing  weight of  water remaining a f t e r  adjustment of t h e  gas t o  atmospheric pressure .  

When most of t h e  NH4C1 had  decomposed, pressure  of NH, over  t h e  bed became appreci- 

A t  427"C, a small  amount of ZnCl 
ab le ,  combining with i i C l  on c o o l i n g  t o  form s o l i d  M4C1 i n  t h e  g l a s s  wool t r a p .  
of these  s o l i d s  confirmed t h a t  t h e y  were mostly NH4C1. 
was a l s o  found i n  t h e  g l a s s  wool t r a p .  The p a r t i a l  p ressures  of HC1 c a l c u l a t e d  by 
c a u s t i c  t i t r a t i o n  were c o r r e c t e d  by adding t h e  a d d i t i o n a l  H C 1  t i e d  up as  s o l i d  NH4C1 in '  
t h e  s o l i d s  t r a p .  

Analyseq 

2 t  

Equi l ibr ium d a t a  f o r  z i n c  s u l f i d e  regenera t ion  (React ion (1'), Table  111) were 
determined i n  a s t a t i c  g l a s s  system. Af te r  adding ZnS, t h e  v e s s e l  w a s  evacuated and 
brought t o  temperature  under  vacuum. The vacuum w a s  t h e n  shut  o f f  and aqueous HC1 added 
i n  increments .  A f t e r  each  increment ,  t h e  s l u r r y  w a s  s t i r r e d  and allowed t o  reach steady 
s ta te  before  t h e  p r e s s u r e  w a s  measured, For purposes of t h e  rough f i g u r e s  repor ted  i n  
Table 111, t h e  H2S p r e s s u r e  w a s  t aken  a s  t h e  t o t a l  p ressure  minus t h e  vapor pressure  of 
water a t  t h e  temperature  used.  The normali ty  of t h e  a c i d  was determined by t i t r a t i o n  
a f t e r  completion of t h e  run. 

The phase s e p a r a t i o n  s t u d i e s  repor ted  i n  Table  I1 were conducted i n  t h e  same type 
of rocking au toc lave  used f o r  hydrocracking tests.(8a) 
composition i s  given i n  Table  I I A ,  w a s  charged t o  the  au toc lave  along with t h e  des i red  
amount of water or i n  t h e  f i n a l  test, with water p lus  dimethylnaphthalene (Table I I B ) .  
A f t e r  f l u s h i n g  the  a i r  with n i t rogen ,  t h e  u n i t  was heated t o  temperature and rocked f o r  
an a d d i t i o n a l  30 minutes .  The autoc lave  w a s  t h e n  t i l t e d  v e r t i c a l l y  and allowed t o  s tand  
f o r  one hour before  b leeding  o f f  t h e  conten ts  through t h e  bottom. The products  were 
c o l l e c t e d  i n  about 8 increments  which were t h e n  u s u a l l y  combined as "organic" and 
"aqueous" phases .  The aqueous phase was washed with benzene t o  remove organics  before  
d i s t i l l i n g  off  the  w a t e r .  The o r g a n i c  phase was l ikewise  d i s t i l l e d  t o  +40O0C end point  
t o  remove any l i g h t  m a t e r i a l  b e f o r e  a n a l y s i s .  Methods of a n a l y s i s  f o r  t h e  z i n c  salts, 
NH, and NH,C1 were g iven  previously.( 'a) 

The s y n t h e t i c  spent  m e l t ,  whose 

RESULTS AND DISCUSSION 

1. Separa t ion  of Organic Residue from Spent Melt 

No s u b s t a n t i a l  s e p a r a t i o n  of phases  was ever  observed f o r  mixtures  of z i n c  
c h l o r i d e  m e l t  with high b o i l i n g  o r g a n i c  materials such as e x t r a c t ,  pyrene o r  hydrocrack- 
i n g  r e s i d u e s .  A number of d i f f e r e n t  condi t ions  were t r i e d  u s i n g  separa t ion  t i m e s  of UP 
t o  one hour, with nega t ive  r e s u l t s .  

The r e s u l t s  of  one such experiment are summarized i n  Table  I .  I n  t h i s  experi-  
ment e x t r a c t  was hydrocracked w i t h  z i n c  c h l o r i d e  m e l t  at  750°F and 3- ps ig .  When t h e  
run was completed t h e  a u t o c l a v e  w a s  p laced i n  a h o r i z o n t a l  and then a v e r t i c a l  p o s i t i o n  
f o r  1 5  minutes  each whi le  m a i n t a i n i n g  temperature  and pressure .  A number of samples 
were success ive ly  withdrawn over  an a d d i t i o n a l  15  minute per iod  and analyzed as shown. 

I t  i s  seen tha t  t h e  amount of ZnC1, and organic  r e s i d u e  remained reasonably 
cons tan t  over  t h e  f i r s t  s i x  samples i n d i c a t i n g  no phase s e p a r a t i o n ,  The hydrocarbon 
d i s t i l l a t e  showed c o n s i d e r a b l e  f l u c t u a t i o n  from sample t o  sample but  no d e f i n i t e  t rend  
i s  d i s c e r n a b l e .  The bulk  of t h e  d i s t i l l a t e  was withdrawn wi th  t h e  bulk  of t h e  gas  i n  
t h e  l a s t  sample. I t  i s  l i k e l y  t h a t  most of t h e  d i s t i l l a t e  was  a c t u a l l y  i n  t h e  vapor 
phase as t h e  temperature  used  was above t h e  c r i t i c a l  temperature of most gaso l ine  
components. 
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I t  the re fo re  does not appear poss ib l e  t o  e f f e c t  a phase s e p a r a t i o n  between 
t h e  h igh-boi l ing  organics  and t h e  c a t a l y s t  melt  and t h i s  must be taken  account of i n  
any regenera t ion  scheme. The h igh-boi l ing  r e s idue  s t i l l  con ta ins  s u b s t a n t i a l  quanti-  
ties of N, 0 and S which h e t e r o  atoms may complex wi th  t h e  z inc  c h l o r i d e  c a t a l y s t  t o  
form a true s o l u t i o n .  
which do not con ta in  h e t e r o  atoms a l s o  do not s epa ra t e . f aa )  I t  t h u s  i s  no t  r u l e d  out 
t h a t  one i s  dea l ing  with a r e l a t i v e l y  s t a b l e  emulsion. 

On t h e  o t h e r  hand, po lynuclear  h drocarbons such  a s  pyrene 

I t  i s  noted  l i k e w i s e  t h a t  no concen t r a t ion  of ZnS by S e t t l i n g  is apparent from 
Separa te  experiments were conducted i n  which ZnC1, melts were mixed with Table I .  

powdered ZnS and allowed t o  s t and .  Again, no phase sep  r t i o n  was observed. Since t h e  
s o l u b i l i t y  of ZnS i n  molten Z n C l ,  is  known t o  be ~ m a l l , ? ~ Y  t h i s  i s  c l e k r l p  B case  of a 
s t a b l e  d i spe r s ion  r a t h e r  t han  s o l u t i o n .  

Recovery of t h e  organic  r e s idue  t h e r e f o r e  r equ i r e s  add i t ion  of another comp- 
ponent which w i l l  cause  phase sepa ra t ion  t o  t a k e  p l ace .  I f  s o l u t i o n  of unconverted 
e x t r a c t  i s  due t o  complex formation wi th  z inc  ch lo r ide ,  it would be l o g i c a l  t o  assume 
t h a t  phase s e p a r a t i o n  could  be e f f e c t e d  by a d d i t i o n  of agents  which themselves complex 
with z inc  c h l o r i d e  such a s  HzO, CH30H, NH, and NH,Cl. A l l  of t hese  m a t e r i a l s  have been 
found i n  p re l iminary  experiments t o  be capable of e f f e c t i n g  t h e  des i r ed  phase separa t ion .  
A t  t h e  t i m e  of t h i s  w r i t i n g ,  water add i t ion  has been most thoroughly inves t iga t ed  and 
only some of t hese  d a t a  a t  200 and 250°C are presented .  Composition of t h e  separa ted  
phases a f t e r  water a d d i t i o n  a r e  given i n  Table I I A .  

The feed  m e l t  composition used i n  t h i s  s tudy  was a s imula ted  spent  melt and 
had t h e  composition given i n  t h e  bottom of Table I I A .  
hydro r e s idue  due to shor tage  of t h e  l a t t e r  m a t e r i a l .  S ince  sepa ra t ion  of e x t r a c t  from 
spent melt is, i f  anything, more d i f f i c u l t ,  t h e  r e s u l t s  a r e  adequately conserva t ive .  

Ext rac t  was used  i n  p lace  of 

Adequate sepa ra t ion  of t h e  e x t r a c t  from t h e  z inc  c h l o r i d e  phase takes p l ace  
a t  .water/melt r a t i o s  of 0.3 o r  g r e a t e r .  
ch lo r ide  from t h e  organic  phase l eaves  something t o  be des i red ,  however, e s p e c i a l l y  a t  
low water/melt ratios.  
ch lo r ide  i n  organic  phase. The organic  phase is a h ighly  v iscous  m a s s  t h a t  does not 
flow read i ly ,  t hus  making a sharp  sepa ra t ion  d i f f i c u l t .  The high v i s c o s i t y  is due i n  
p a r t  t o  t h e  inhe ren t  high v i s c o s i t y  of t h e  e x t r a c t  and secondly due t o  d i spe r s ion  of 
t h e  z i n c  s u l f i d e  i n  t h e  o rgan ic  phase.  The z i n c  s u l f i d e  was s u r p r i s i n g l y  i n  a l l  cases  
near ly  q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  t h e  organic  phase.  

The sharpness  of s epa ra t ion  of t h e  z inc  

The d i f f i c u l t y  i s  due t o  phys ica l  occ lus ion  of aqueous z inc  

The add i t ion  of a romat ic  so lven t s  was i n v e s t i g a t e d  i n  o rde r  t o  improve t h e  
sharpness of sepa ra t ion .  One such experiment i s  shown i n  Table I I B .  The added 
so lven t  made i t  p o s s i b l e  to withdraw t h e  organic  phase a s  a f l u i d  l i q u i d  due t o  t h e  
e f f e c t  of t h e  so lven t  i n  c u t t i n g  t h e  v i s c o s i t y .  The organic  phase w a s  r e l a t i v e l y  f r e e  
of inorganic  components. I n  c o n t r a s t  t o  t h e  previous case  most of t h e  ZnS was found 
i n  t h e  aqueous phase. This  p o i n t s  t o  phys ica l  t r app ing  by t h e  v iscous  e x t r a c t  a s  t h e  
p r i n c i p l e  reason f o r  t r a n s f e r r a l  of t h e  ZnS t o  t h e  organic  phase i n  t h e  previous in- 
s t ance .  

2 .  Regeneration of Zinc S u l f i d e  v i a  Reversal  of Reaction (1) 

The equi l ibr ium i n  r e a c t i o n  (1) has  been measured by B r i t z k e  and, Kapustinsky(') 
down t o  t h e  mel t ing  poin t  of ZnC1,. The i r  da t a  were then  ex t r apo la t ed  below t h e  mel t ing  
poin t  us ing  t h e  hea t  of r e a c t i o n  

(1) 

AH = +16,7Og cal/mole 
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a s  determined from t h e  thermochemical d a t a  g iven  i n  Bichowsky and R o s s i n i . ( l )  
r e s u l t  i s  

The 

(6) 
-3360 
T l o g  Kp = - + 1.62 

The equi l ibr ium becomes l e s s  f avorab le  w i t h  decreas ing  temperature such tha t  
r e v e r s a l  of t h e  r eac t ion  becomes f e a s i b l e  a t  temperatures of t he  o rde r  of 20O0C or less, 
i .e. ,  l$ = 1.0 a t  207OC. For  example, a t  l 0 0 O C  

Thus, if reve r sa l  of t h e  r e a c t i o n  is  e f f e c t e d  wi th  0 .1  atmosphere of HC1, t h e  r a t i o  
PH,S/PHCl = 15.5 a t  loooc. 

I n  ac tua l  p r a c t i c e ,  r e v e r s a l  of r e a c t i o n  (1) can  only be e f f e c t e d  a f t e r  addi- 
t i o n  of s u f f i c i e n t  water  t o  main ta in  a l i q u i d  phase.  The equi l ibr ium f o r  r e v e r s a l  w i l l  
now even be more favorable  s i n c e  t h e r e  i s  a nega t ive  f r e e  energy change f o r  t h e  
r e a c t i o n  

(7) 

The e f f e c t  of u s i n g  aqueous s o l u t i o n s  i n  f a c i l i t a t i n g  t h e  r e v e r s a l  of r eac t ion  
(1) i s  i l l u s t r a t e d  by some equ i l ib r ium da ta  measured by u s  i n  d i l u t e  aqueous so lu t ions  
a s  shown i n  Table 111. The equ i l ib r ium i s  now much more favorable  and r e v e r s a l  of 
r e a c t i o n  (1) With aqueous s o l u t i o n  of z i n c  c h l o r i d e  i s  t o  be regarded as a f e a s i b l e  
process .  Experiments w e r e  conducted wherein a c t u a l  spent  melts from hydrocracking of 
e x t r a c t  were t r e a t e d  wi th  aqueous hydrochlor ic  ac id .  Rapid evolu t ion  of  H2S was noted. 

3 .  Decomposition of Zinc Chloride-Ammonium Chloride Double S a l t  

The r eac t ion  i n  ques t ion  i s  t h e  r e v e r s a l  of r eac t ion  ( 3 )  which not only 
s u p p l i e s  t h e  HC1 requi red  f o r  regenera t ion  of z i n c  ch lo r ide  from z inc  s u l f i d e ,  but e l i -  
minates HC1 from t h e  m e l t  p r i o r  t o  recovery of t h e  NH,. Equilibrium measurements were 
accord ingly  made over t h e  r ange  340-450°C and f o r  i n i t i a l  concent ra t ions  of  M 4 C 1  i n  t h e  
range of 10 t o  2 0  mole p e r c e n t .  The p a r t i a l  p ressure  of HC1 i n  equi l ibr ium wi th  the  
m e l t  a s  a func t ion  of pe rcen t  NH4C1 decomposed i s  shown i n  t h e  semi-log p l o t  of Figure 2 .  

The smoothed d a t a  from F igure  2 a r e  r e p l o t t e d  t o  def ine  a "pseudo" equi l ibr ium 
cons tan t  K .  

\ 

where Q' i s  t h e  f r a c t i o n  of NH,Cl decomposed. 
a l though s l i g h t  t a i l i n g  o f f  i s  noted i n  some cases  a t  h igh  conversion l e v e l s .  This may 
be due t o  experimental e r r o r  a s ' a  r e s u l t  of s l i g h t  l o s s e s  of NH, from t h e  mel t .  The 
NH, w a s  c o l l e c t e d  and ana lyzed  as NH4C1 and c o r r e c t i o n s  made f o r  i t s  loss. However, if 
t h e  measurements of v o l a t i l i z e d  NH, were s l i g h t l y  low, it would produce t h e  t a i l i n g  off 
observed. The values of K a r e  cons iderably  g r e a t e r  f o r  t h e  10 mole percent  NH4C1 Se r i e s  
than  f o r  t h e  20 mole percent  NH4C1 series. N o  adequate explana t ion  f o r  t h i s  phenomenon 
can be advanced a t  t h i s  t ime. I 

Adequate s t r a i g h t  l i n e s  a r e  obta ined  (F ig .  3) 

i 

A semi-log p l o t  of t h e  €IC1 p re s su re  versus t h e  r ec ip roca l  of t he  absolu te  
tempera ture  a t  cons tan t  pe rcen t  NH4C1 decomposition i s  given i n  Figure 4 .  
of t h e  l i n e s  correspond t o  t h e  hea t  of decomposition, 

The s lopes  

&i = 21,000 * 600 cals/mole 

I t  i s  now p o s s i b l e  t o  express  values of K as a func t ion  of t he . t empera tu re  in"  
degrees Kelvin by t h e  expres s ions  

l o g  K = - -4:" + B (9 )  
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where B = 6.32 and 6.14 when t h e  i n i t i a l  NIi4C1 concen t r a t ions  a r e  10 and 20 mole per- 
cen t ,  r e spec t ive ly ,  and t h e  HC1 p a r t i a l  p re s su re  i n  t h e  express ion  f o r  K is given i n  
atmospheres. 

In  p r a c t i c e ,  €IC1 would be removed from t h e  melt by s t r i p p i n g  wi th  hot gas  i n  
a coun te rcu r ren t  tower. The HCl concen t r a t ion  i n  t h e  gas  as a func t ion  of that i n  t h e  
m e l t  a t  any po in t  i n  such a tower is  g iven  by t h e  simple material ba lance  r e l a t i o n s h i p  

The equ i l ib r ium p res su re  of HC1 over  t h e  m e l t  is l ikewise  g iven  by 

where A 

4 = Value of A i n  m e l t  l e av ing  tower. 

n = Tota l  p re s su re  i n  atmospheres. 

r 

= Mole f r a c t i o n  of t o t a l  NH, i n  mel t  combined wi th  HC1. 

= Moles of s t r i p p i n g  gas/mole of NH, + NH4C1 i n  m e l t .  

I t  is  c l e a r  t h a t  i n  o rde r  t o  have a ne t  d r iv ing  f o r c e  f o r  HC1 evolu t ion  
eq . 

Pbcl > PHcl everywhere i n  t h e  tower. Consider t h e  case,  f o r  s i m p l i c i t y ,  where t h e  
m e l t  i s  near ly  q u a n t i t a t i v e l y  s t r i p p e d  of HC1, i .e . ,  %G 0. 
s a t i s f i e d  i f  

The above cond i t ion  i s  , 

D i f f e r e n t i a t i n g  equat ions  (10) and (11), t h e  i n e q u a l i t y  may be written, 

n/r 5 K (13) 

For example, i f  t h e  temperature a t  t h e  m e l t  o u t l e t  is 46OoC, and t h e  mole f r a c t i o n  
of MI, + M4C1 i n  t h e  mel t  i s  0.20, t h e n  n/r .73. 

A ne t  d r iv ing  f o r c e  f o r  HC1 evo lu t ion  can st i l l  be maintained i n  such a 
tower, even i f ,  as w i l l  normally be t h e  case, t h e  temperature decreases  from bottom t o  
top .  The more gene ra l  i n e q u a l i t y  can be obta ined  i f  t h e  d i f f e r e n t i a t i o n  of equat ions  
(10) and (11) above i s  performed wi th  the equi l ibr ium cons tan t  K a s  func t ion  of A and 
t h e r e f o r e  also of tempera ture  ( i .e. ,  A is cons idered  t o  be  a f u n c t i o n  of tempera ture) .  
The r e s u l t  is, aga in  f o r  case  where 4% 0, 

where KO is  t h e  value of K a t  m e l t  o u t l e t ,  i .e . ,  where A = 0. Equation (14) i n  com- 
b i n a t i o n  with equat ion  (9) t hus  can be employed t o  def ine  t h e  maximum allowable rate of 
decrease  i n  temperature wi th  r e spec t  t o  A i n  t h e  tower and thus  i s  u s e f u l  f o r  design 
purposes.  



-120-  

4 .  Decomposition of Zinc Chloride-Ammonia Adduct 

The f i n a l  r egene ra t ion  of t h e  spent m e l t  r equ i r e s  t h a t  a major f r a c t i o n  of 
t h e  ammonia be removed. Th i s  can be done i n  p r i n c i p l e  by thermal decomposition of the  
adduct which amounts t o  a r e v e r s a l  of r eac t ion  ( 2 ) .  
recovery of NH, would b r ing  s u b s t a n t i a l  by-product c r e d i t s .  

Th i s  would be a t t r a c t i v e  s i n c e  

The design of such an NH, adduct decomposition tower r equ i r e s  equi l ibr ium 
d a t a  which g ive  t h e  p a r t i a l  p re s su re  of ammonia over t h e  melt a s  a i unc t ion  of its 
ammonia conten t  and tempera ture .  Equilibrium measurements i n  t h i s  s y s t e m  have been 
made by Kurilov,( ') K ~ e n e m a n ( ~ )  and K r a ~ n o v . ( ~ )  The above au thors  i n  t h e  o rde r  named 
measured t h e  ammonia p r e s s u r e s  a t  success ive ly  inc reas ing  temperatures and decreasing 
ammonia con ten t .  

The da ta  of t h e s e  au tho r s  are summarized i n  g raph ica l  form i n  F igure  5.  A 
log- log  p l o t  is  used t o  p e r m i t  some e x t r a p o l a t i o n  o u t s i d e  t h e  range of t h e  da t a .  N o  
experimental  po in ts  a r e  a v a i l a b l e  below 3.4 w t .  percent  of NH,. 

The ammonia conten t  of t h e  melt  s en t  t o  t h e  ammonia decomposer i n  p r a c t i c e  
w i l l  vary between 1 . 5  and 5 . 0  w t .  $ depending upon t h e  m e l t  c i r c u l a t i o n  r a t e  used. It 
i s  c l e a r ,  however, from t h e  d a t a  of F igure  5 t h a t  i t  w i l l  be very d i f f i c u l t  t o  achieve 
very low NH, concent ra t ions ,  i . e . ,  below 1% i n  t h e  regenera ted  m e l t  un less  temperatures 
w e l l  above those  i n v e s t i g a t e d  a r e  used. 

I t  i s  not necessary ,  however, t o  reduce the  NH, content  of t h e  regenera ted  
melt t o  ze ro .  I t  has  been found, f o r  example, t h a t  t h e  r e a c t i o n  

ZnO + 2(ZnCl2-NH4C1) -, 2 ZnCl,-NH, + ZnC1, + H,O (15) 

goes q u a n t i t a t i v e l y  t o  t h e  r i g h t  a t  temperatures i n  t h e  neighborhood of 400OC. The 

t:b) 
m e l t  l e av ing  t h e  NH4C1 decomposer w i l l  t h e r e f o r e  be f r e e  of z inc  oxide.  This is 
c o n t r a s t  t o  t h e  feed  melt  t o  t h e  hydrocracking runs descr ibed  i n  a previous paper 
which conta ined  2.8 m o l e  46 of ZnO. 
obta ined  wi th  a regenera ted  m e l t  conta in ing  .056 moles NH,/mole ZnC1, ( 0 . 7  w t .  46 NH,) 
t o  t hose  r epor t ed  exper imenta l ly  which conta ined  .056 moles NH,Cl/mole ZnC1,. 
above r e s u l t  follows s i n c e  r e a c t i o n  (15) proceeds i n  t h e  melt used i n  t h e  experimental 
work t o  produce a n  i d e n t i c a l  m e l t  composition i n  both cases .  The a c t i v i t y  of t h e  melt 
i n  t h i s  ca se  [ c f .  F igu re  6 of  prev ious  paper(8b)] i s  only  neg l ig ib ly  less than  t h a t  of 
a m e l t  con ta in ing  no NH4C1.  

Equivalent hydrocracking r e s u l t s  w i l l  t he re fo re  be 

The 

/ 
The ammonia decomposition equi l ibr ium a t  lower NH, concent ra t ions  and higher \ 

t empera tures  i s  p resen t ly  be ing  i n v e s t i g a t e d  i n  t h e  Consol ida t ion  Coal Co. l abora to r i e s  
bu t  no d a t a  a r e  a v a i l a b l e  as y e t .  

One i n t e r e s t i n g  obse rva t ion  has  been made, however, t h a t  t h e  r eac t ion  ! 

( 5-1 i ZnCl,.NH, = ZnCl, + 1/2 N, + 3/2 H, 

i s  r e a d i l y  ca ta lyzed  by ox id ized  metal su r faces .  Thus, i t  appears t o  be  poss ib le ,  i f  
des i r ed ,  t o  eliminate t h e  l as t  traces of ammonia from t h e  m e l t  by c a t a l y t i c  decomposi- 
t i o n  at temperatures of t h e  o rde r  of 550-60O0C. I 

5. Removal of Ash /I 

Coal e x t r a c t  f e e d  w i l l  con ta in  anywhere from 0.1 t o  0 .4  w t .  $ ash depending 

f on its method of p repa ra t ion .  Ash must be p e r i o d i c a l l y  removed from t h e  m e l t  during 
i t s  r egene ra t ion  to  prevent  i t s  b u i l d  up. Severa l  methods are a v a i l a b l e  such as 
f i l t r a t i o n  a f t e r  d i l u t i o n  w i t h  water and removal of z i n c  s u l f i d e .  I t  a l s o  may be 
removed by d i s t i l l a t i o n  of z i n c  c h l o r i d e  vapor from a s i d e  stream t o  l eave  an ash 
r e s idue .  
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6.  Overa l l  Regeneration Scheme 

The i n t e g r a t i o n  of t h e  var ious  process  s t e p s  d iscussed  above i n t o  a s i n g l e  
regenera t ion  scheme i s  i l l u s t r a t e d  i n  F igu re  6. Appropriate ope ra t ing  ranges f o r  each 
process s t e p  are l ikewise  g iven ,  

A ma te r i a l  ba lance  around t h e  ope ra t ion  i s  g iven  i n  Table I V .  
e n t e r i n g  regenera t ion  i s  assumed t o  be t h e  same composition as t h a t  from t h e  5 s t age  
coa l  e x t r a c t  hydrocracking run  r epor t ed  i n  a previous  paper(8b) {c f .  Table I V ] .  The 
regenera ted  melt composition is ad jus t ed  such t h a t  t h e  composition of t h e  spent m e l t  
a f t e r  hydro is c o n s i s t e n t  wi th  e l imina t ion  of 98.0% of t h e  s u l f u r  and 87.5$ of t h e  
n i t rogen  from t h e  feed  e x t r a c t ,  i . e . ,  i n  accord wi th  exper imenta l ly  observed resul ts  
i n  t h e  5 s t a g e  run. 

The spent m e l t  

The performance of t h e  NH, decomposition tower was c a l c u l a t e d  from t h e  d a t a  
of Figure 5 assuming i so thermal  ope ra t ion  a t  53OoC, 4 t h e o r e t i c a l  s t a g e s  and a t o t a l  
p ressure  of 1.5 atms. 

In  p r a c t i c e ,  one would have a temperature inc rease  i n  t h e  NH, decomposition 
tower s i n c e  hea t  would be supp l i ed  by condensing z i n c  c h l o r i d e  vapor from t h e  b o i l e r .  
Thus, fewer s t a g e s  would be requi red .  

Recovery of  NH, from t h e  gases  l eav ing  t h e  ammonia decomposer can be e f f e c t e d  
according t o  t h e  da t a  of Kurilov ( c f .  F igure  5)  by scrubbing with a ZnC1, m e l t  rela- 
t i v e l y  cbncent ra ted  i n  NH, a t  lower temperatures a s  shown i n  F igure  6. 

The m e l t  i s  r e a d i l y  decomposed t o  y i e l d  pure NH, gas  a t  tempera tures  of t h e  
Of course,  o the r  more conventional methods of ammonia recovery could  o rde r ' o f  400'C. 

a l s o  be used. 

The above scheme i s  l ikewise  adaptab le  t o  spent  mel t s  used i n  hydrocracking 
of coa l  i t s e l f .  I n  t h i s  ca se  t h e  m e l t  w i l l  con ta in  a l a r g e r  percentage  of ash  and 
accordingly more ash w i l l  have t o  be r e j e c t e d  i n  t h e  vapor i za t ion  s t e p .  I n  p rac t i ce ,  
a h igher  propor t ion  of t h e  m e l t  w i l l  have to  be vaporized, and t h i s  would be one of 
t h e  disadvantages of us ing  c o a l  as compared wi th  e x t r a c t .  
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TABLE I11 

Equi l ibr ium Data Compared f o r  React ions 
I 

ZnS + 2 HC1 = ZnC12(,) + H,S 

ZnS + 2 HC1 = ZnC12(aq) + H,S 

Temperature, "C 

Normality of Equi l .  Mixture  

HC1 

ZnCl 

'H,S ( a t m )  

(1) 

'HCl ( a t m ) .  

PH2s/PHc12 obs. f o r  r e a c t i o n  (I") 

PH2S/~HC12 Calc. f o r  r e a c t i o n  (1') 

50 

2.6 

0.4  

1.52 

7.9 x 1 0 - ~  

2.4 x 10' 

4 .9  x 103 

66 

(1) From l i t e r a t u r e  d a t a  a t  t h e  measured a c i d  concent ra t ion  of 
I n t e r n a t i o n a l  Cr i t i ca l  Tables  V o l .  111, pg 301. 

0 .68  

0.32 

0.10 

1.3 x 10-5 

5.9 x 108 

1.5  x 1 0 3  
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/&re I 
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f igure  2 

o IO mol % NH4CI at 343°C 

El 10mol% SyIH4CI at 427OC 
0 1 0 K 1 O l %  NW&I at 385°C 

300 

200 

IOC 

70 

5 0  

30 

20 

IO 

1000 

700 

500 



-128-  

\ 

1 
Fiaure 3 

EQUILIBRIUM CONSTANT FOR REACTION 
ZnCI2 NH4CI = ZnCl2-NH3 t HCI 

Initial Conch. 
NHqCl Mol% Temp. O C  
0 IO 4 27 

E l 2 0  4 27 
d 20 385 

6 IO 385 

0.7 

0.6 

0.5 

- 
0.3 

n 

0. I 

I 
0.2 0.3 0.4 0.5 ' 0.6 0.7 0.8 0.9 1.0 
o(( Mol. Fraction of NH&l Decomposed) 

0 

I .  
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Figure 5 

SUMMARIZED DATA ON DISSOCIATION 
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PRESSURE OF NH, OVER ZnCI, MELTS 

- . . .. 

- 

.. . .. . 

40 60 80 100 I I 2 4 6 8 1 0  20 
Wt. % Ammonia  in Melt I 

d 



-131-  

Figure 6 
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